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METHOD AND INTEGRATED CIRCUIT 
INCLUDING AN AMPLIFIER CALIBRATION 

CIRCUIT 

BACKGROUND 

This invention relates to the ?eld of integrated circuits 
including high-speed ampli?ers and their offset- and gain 
calibration, in one embodiment high-speed variable gain 
ampli?ers With adjustable gain. 

High-speed ampli?er circuits are used for amplifying the 
amplitude of signals. A variable gain ampli?er (VGA) varies 
its gain depending on a control signal. To enable precise gains 
the endpoints of the gain curve are usually controlled to a high 
accuracy. This can be established for example by using a ?rst 
control voltage to adjust the minimum gain and a second 
control voltage to control a maximum gain. Such high-speed 
ampli?er circuits With variable gain can be used for example 
in read-circuits for computer hard disk drives. 
When using VGAs With high frequencies there is limited 

bandwidth, Wherein the bandWidth limitations become more 
stringent With increasing frequency due to increasing number 
of parasitic poles affecting the transfer function. VGA imple 
mentations in loW speed applications are often based on a 
closed-loop approach Wherein the gain is determined by the 
feedback ratio, e. g., using resistors in the feedback netWork. 
This feedback netWork includes parasitic poles that limit the 
maximum achievable bandWidth for stable operation. Such, 
at high operating frequencies, this technique suffers limited 
open-loop bandWidth and therefore limited closed-loop 
bandWidth. VGAs for extreme high speed applications are 
hence typically based on an open-loop approach that requires 
additional measures to enable a Well controlled gain. 

FIG. 1 illustrates a schematic circuit of a conventional 
high-speed ampli?cation circuit 100. Basically the input sig 
nal to be ampli?ed is fed into the circuit as a differential 
signal, i.e. With a positive component Vin_P and negative 
component Vin_N. The signal components are fed into a 
variable gain ampli?er (VGA) 110 to produce an output sig 
nal, Wherein the output signal may include a positive signal 
component Vout_P and a negative signal component Vout_N 
accordingly. The actual gain of the VGA can be adjusted by 
providing a control signal such as a voltage Vtune_max, 
Which de?nes the maximum gain, and a second voltage 
Vtune_min for de?ning the minimum gain. 
As illustrated in FIG. 1, an example for that extra gain 

control circuitry is a parallel implementation (or more than 
one) 160, 161, ofthe open-loop ampli?er 110 Which is set to 
operate at required gain (or on more than one gain, e.g., 
maximum or minimum gain). These replica circuits 160, 161 
are complimented by loW-speed error ampli?ers 180, 181 that 
are used to adjust gain setting tuning signals. Tuning signals 
can be e. g., voltages driving gain setting devices of the ampli 
?ers into the desired operating state. In these conventional 
implementations considerable effort is necessary for adjust 
ing a desired minimum and maximum gain. Furthermore 
components in these circuits are non-ideal, so that they may 
introduce parasitic effects, like offsets, into the gain control 
circuit that degrades the achievable gain accuracy. These 
parameters may also vary With temperature during operation. 

Typically the VGA 110, 160, 161 can be composed ofa set 
of transistors (either MOS or bipolar type or both) Which may 
add an offset-voltage to the ampli?ed output voltages Vout_P 
andVout_N. The VGA 110 offers an input for a signal in order 
to compensate the offset-voltage, i.e. a control signal Offset_ 
comp can be fed into the VGA for compensation. 
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2 
TWo methods are knoWn to deduce the control signal Off 

set_comp. If the averaged input signals Vin_P and Vin_N are 
Zero, then a loW-pass ?lter can be coupled to the output for 
this purpose. LoW frequency or direct voltage (DC) Will pass 
the loW pass ?lter, Whereas a high frequency output signal Will 
be blocked. In this Way an offset compensation signal, e.g., a 
current or a voltage, can be derived based on the DC compo 
nent at the output of the loW-pass ?lter that serves as control 
signal for adjusting the offset of the VGA to Zero. A draWback 
of this method is the long settling time for adjusting the 
control signal due to the required loW cut-off frequency of the 
loW-pass ?lter. The alternative as illustrated in FIG. 1 can be 
implemented. 

In this alternative embodiment, the input signal, i.e. Vin_P 
and Vin_N, can be decoupled from the VGA for example by 
sWitches 120, and the input terminals of VGA 110 can be 
shorted by sWitch 130. The short of the input terminals 
enforces a Zero signal at the input terminals of VGA 110. 
Ideally the output signal should be Zero, i.e. there should be 
no voltage betWeen the output terminals. Auto-Zero block 
140, Which is connected to the output terminals of the VGA, 
generates a control signal Offset_comp fed into VGA 110, 
typically a control voltage, in order to compensate any offset 
voltage at the output of the VGA. As in this auto-Zero cali 
bration interval there is no input signal fed into the VGA, the 
time for settling the control voltage Offset_comp has to be 
short to minimiZe the duration of the auto-Zero phase. In one 
form the auto-Zero block 140 can be implemented as an 
OpAmp operating in closed-loop and settling the output off 
set of the VGA 110 to Zero by generating a control signal 
Offset_comp accordingly. The value of signal Offset_comp 
can be stored on analog hold circuits, e.g., capacitors. Ana 
logue elements such as capacitors simply loose their charge, 
so that the auto-Zero interval must be repeated regularly to 
adjust the value of Offset_comp. Due to the non-ideal nature 
of the components their characteristics may change for 
example depending on temperature. Repetitive auto-Zero 
phases Will cope for these variations. Alternatively, a succes 
sive approximation approach can be used instead of a OpAmp 
including a comparator, a Digital-to-Analog Converter 
(DAC) and some control logic. Such the signal Offset_comp 
is static after the DAC is settled to the required output value. 
This relaxes hold circuit requirements but does not remove 
the requirement for updates of the signal Offset_comp to cope 
for variations of the VGA output offset. Furthermore, a more 
sophisticated control structure has to be applied, e.g., by 
providing proper clock signals to the DAC, comparator and 
local control logic. 

For generating the gain control signals, for example control 
voltages, to adjust the minimum gain and the maximum gain 
of the VGA the circuit of FIG. 1 includes a tuning voltage 
generator 150 as encircled by the dotted square. On the left 
hand side the tuning voltage generator 150 includes a ?rst 
circuit portion generating a control signal Vtune_max for 
adjusting the maximum gain ofV GA 110 and on its right hand 
side a second, identical circuit portion generating control 
signal Vtune_min for adjusting the minimum gain of the 
VGA 110. As these circuit portions include identical elements 
and are operated the same Way, the folloWing description 
relates to both of them. 
The circuit portions are arranged outside of the signal path 

of the input signal to be processed and are nearly replicas of 
the VGA 110 in the signal path. The desired control signals 
Vtune_max and Vtune_min can be tuned in by providing a 
loW reference voltage 150 to the input of the circuit portion 
generating the maximum gain control signal and by providing 
a high reference voltage 151 respectively to the input the 
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circuit portion generating the loW gain control signal respec 
tively, and by comparing the output signal to a target value. 
This can be achieved With a voltage divider 170, 171 and a 
folloWing operational ampli?er 180, 181, Which tunes in the 
desired control signal Vtune_max or Vtune_min. The voltage 
divider, e. g., operating in a differential manner, divides a ?rst 
input voltage buffered from the VGA output and second input 
voltage buffered from the reference voltage applied to the 
VGA input. The resulting mid-voltages Verr and V6 Will be 
Zero if the ratio of these tWo voltages matches the ratio of the 
resistors in the voltage divider, Which de?nes the gain. 

For example, in case of the circuit portion generating the 
Vtune_max control signal, the loWer voltage portion of 
divider 170 is coupled to the input of VGA 160 and thus to the 
loW reference voltage Vref_L. If the output voltage of VGA 
160 does not match the desired gain value and consequently 
does not output the desired voltage, then voltage divider 170 
outputs an error signal Verr, Which is fed into ampli?er 180. 
Operational ampli?er 180 outputs a corresponding signal, 
Which is used as a control signal for adjusting the gain of VGA 
160. As this VGA 160 is a replica ofVGA 110, the control 
signal output from ampli?er 180 can be used as a control 
signal for VGA 110. 

Regarding the circuit portion generating the control signal 
for the minimum gain adjustment of VGA 110, the higher 
voltage portion of divider 171 is coupled to the reference 
voltage Vref_H. In analogy to the ?rst circuit portion the 
control signal output from ampli?er 181 can be used as con 
trol signal Vtune_min for adjusting the minimum gain value 
of VGA110. 

In this Way VGAs 160 and 161 comprised in the circuit 
portions emulate VGA 110 in order to generate the control 
signals Vtune_max and Vtune_min. 

Offset voltages in the replicas as Well as in the residual 
elements of the circuit portions have impact on generating the 
desired control signals Vtune_min and Vtune_max, in par 
ticular When generating high gain control signals. This is even 
tightened by designing the elements, i.e. transistors and resis 
tors, in the ampli?cation circuits as small as possible to mini 
miZe parasitic capacitances in order to achieve high band 
Widths. Thus the elements are designed on small areas, Which 
causes high offset voltages in comparison to the input signal 
voltage due to the imperfections of processing technologies. 

For achieving control voltages the Vtune_max and 
Vtune_min the VGAs 160, 161 in most cases are exact copies 
ofVGA 110 in the signal path. 

The offset voltages of each circuit portion can be mini 
miZed by using chopper methods. For this purpose the replica 
circuits include sWitches 190 to 195 to cross-couple the input 
lines of the reference voltages Vref_L, Vref_H and to cross 
couple the output voltages of the VGAs 160, 161 according to 
a chopper clock signal generated by a conventional clock 
signal generator 1100. As illustrated sWitches 190 to 195 are 
coupled to the chopper clock signal. According to the tog 
gling chopper clock signal each of the sWitches 190 to 195 
sWaps the polarity of its output. Consequently the polarity of 
the input and output voltages of VGAs 160 and 161 toggle 
their polarity, and Wherein buffers 1110 to 1113 buffer the 
voltages When toggling the signals. The output signals of the 
VGAs 160 and 161 and the reference voltages Vref_L and 
Vref_H, Which are coupled to the input ofVGAs 160 and 161, 
are toggled accordingly by sWitches 192 to 195, such that the 
input voltage of the dividers are not toggled. 
Any offset voltage introduced by VGAs 160 and 161, 

Which is the same throughout a chopper cycle, is thus modu 
lated according to the chopper clock and adds to the error 
voltage Verr at the input of the ampli?ers 180 and 181 respec 
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4 
tively. The feedback loop also re?ects the toggling in that the 
control signals Vtune_max_chop and Vtune_min_chop 
include an alternating component having the frequency of the 
chopper signal. As the alternating component must be 
removed before the output signals of the circuit portions are 
coupled to VGA 110, each of the circuit portions includes a 
loW-pass ?lter 1120, 1121 removing the alternating compo 
nent, such that the control signals Vtune_max and Vtune_min 
do not include an alternating component. This additional 
?ltering increases the settling time of the control signals after 
poWering up the entire circuit. If circuit 100 Will be poWered 
on and off regularly then it may become necessary to keep the 
circuit portions including the replica VGAs 160 and 161 
poWered on in order to avoid a long settling time after each 
poWer up, but Which increases dissipation loss. 

Another disadvantage of this circuit results from the fact 
that the circuit operates only as long as there is a linear 
correlation betWeen the control signals and the gain of the 
VGAs. Usually this is the case Within a limited range around 
an actual operating point, Whereas large offset voltages result 
in a non-linear change of the control voltages, Which causes 
different control voltages in the intervals of the chopper clock 
signal. This non-linearity cannot be removed by simply loW 
pass ?ltering the control signals, Which thus causes distor 
tions in the gain values of VGA 110. Additional effort has to 
be taken to avoid these effects, for example by integrating the 
error voltage Verr in the ampli?ers 180 and 181 in order to 
reduce the amplitude of the sWing of the control signal and 
thus to maintain a linear operation. 

Also there are differences betWeen VGA 110 and replica 
circuits VGAs 160, 161 by Which a false error voltage Verr 
can be generated. As the bandwidth of an ampli?er depends 
on the temperature and other factors there Will be alWays a 
difference betWeen VGA 110 and its replicas. 
Due to the replica circuit portions, the auto-Zero block 140 

including sWitches 120, 130 the prior art circuit 100 con 
sumes a large area on a chip, consumes much energy and is 
prone to gain deviations caused by varying temperature and 
production variations. 

Hence there is a need for a neW circuit for controlling the 
ampli?cation of an input signal. 

For these and other reasons, there is a need for the present 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying draWings are included to provide a 
further understanding of embodiments and are incorporated 
in and constitute a part of this speci?cation. The draWings 
illustrate embodiments and together With the description 
serve to explain principles of embodiments. Other embodi 
ments and many of the intended advantages of embodiments 
Will be readily appreciated as they become better understood 
by reference to the folloWing detailed description. The ele 
ments of the draWings are not necessarily to scale relative to 
each other. Like reference numerals designate corresponding 
similar parts. 

FIG. 1 illustrates a variable gain ampli?er circuit of prior 
art including tWo replica circuit portions for generating con 
trol signals. 

FIG. 2 illustrates a schematic overvieW of a circuit. 
FIG. 3 illustrates schematics of an integrated circuit includ 

ing an auto-Zero and gain calibration circuit using an analog 
approach. 

FIG. 4 illustrates a schematic of a MUX and hold circuit. 
FIG. 5 illustrates schematics of an auto-Zero and gain cali 

bration circuit using a digital approach. 
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FIG. 6 illustrates schematics of an alternative auto-Zero 
and gain calibration circuits using a digital approach involv 
ing an existing analog-to-digital converter. 

DETAILED DESCRIPTION 

In the folloWing Detailed Description, reference is made to 
the accompanying drawings, Which form a part hereof, and in 
Which is shoWn by Way of illustration speci?c embodiments 
in Which the invention may be practiced. In this regard, direc 
tional terminology, such as “top,” “bottom,” “front,” “back,” 
“leading,” “trailing,” etc., is used With reference to the orien 
tation of the Figure(s) being described. Because components 
of embodiments can be positioned in a number of different 
orientations, the directional terminology is used for purposes 
of illustration and is in no Way limiting. It is to be understood 
that other embodiments may be utiliZed and structural or 
logical changes may be made Without departing from the 
scope of the present invention. The folloWing detailed 
description, therefore, is not to be taken in a limiting sense, 
and the scope of the present invention is de?ned by the 
appended claims. 

It is to be understood that the features of the various exem 
plary embodiments described herein may be combined With 
each other, unless speci?cally noted otherWise. 

The present invention Will noW be described With reference 
to a feW embodiments thereof as illustrated in the accompa 
nying draWings. In the folloWing description, numerous spe 
ci?c details are set forth in order to provide a thorough under 
standing of the present invention. It Will be apparent, 
hoWever, to one skilled in the art, that the present invention 
may be practiced Without some or all of these speci?c details. 
In other instances Well knoWn processes and steps have not 
been described in detail in order not to unnecessarily obscure 
the present invention. 

FIG. 2 illustrates an integrated circuit including a sche 
matic circuit 200, Wherein in this exemplifying embodiment 
the circuit is used to amplify an input signal in a variable gain 
ampli?er (VGA) 210. Note that also ?xed gain ampli?ers can 
be used, for Which an offset compensation can be determined. 

The input signal, Which is a differential signal including a 
?rst voltage Vin_P, Which for example can be the positive 
portion, and a complementary voltage Vin_N, is fed into the 
variable gain ampli?er 210. VGA 210 provides a gained 
output signal at its output terminals including signal portion 
Vout_P being, for example, a positive voltage, and signal 
portion Vout_N being the corresponding complementary sig 
nal portion. 

HoWever the input signal may be a non-differential signal, 
Which is a signal on a single line With ground or any other 
potential as reference potential, Wherein the reference poten 
tial is applied to the VGA. In this case the VGA includes only 
one terminal for the input signal to be processed and only one 
output terminal for the corresponding one output signal. An 
offset voltage in this case Will occur betWeen the output 
terminal and the reference potential accordingly. For com 
pensating the offset voltage the beloW described circuits and 
methods can be applied. 

Similar to the VGA in the signal path of the above 
described prior art circuit this VGA 210 provides tWo input 
terminals for control signals Vtune_max and Vtune_min, 
Which typically are control voltages, for adjusting a maxi 
mum gain value and a minimum gain value. Furthermore 
VGA 210 provides a third input terminal for a control signal 
Voffset_comp, Which adjusts the offset voltage of VGA 210 

20 

25 

30 

35 

45 

50 

55 

60 

65 

6 
and Which thus compensates any output offset voltage to Zero. 
VGA 210 thus illustrates the same properties as that in the 
signal path of FIG. 1. 
The invention also relates to calibration circuits, as 

encircled by the dotted rectangle, for determining and gener 
ating the gain adjusting signals Vtune_max and Vtune_min 
and the offset adjusting signal Voffset_comp. 
The elements of the calibration circuit and their function 

Will noW be described With reference to the schematic circuit, 
Wherein functional components are exempli?ed by boxes. 
Some of them Will be described in more detail further beloW. 
The generation of the control signals can be performed in 

subsequent time intervals, Wherein in each time interval one 
of the control signals Vtune_min or Vtune_max or Voffset_ 
comp is determined. The sequence of the determination of the 
signals can be varied depending on, for example, Which of the 
control signals drifts from its latest set value quickest. Alter 
natively, for example, on poWer up of the circuit or if desired, 
all control signals can be determined in one time interval, 
Wherein the sequence may be varying. The time betWeen tWo 
subsequent determinations of a value of one control signal 
depends on hoW fast the value Will be outdated, Wherein a 
value of a control signal can become outdated for example on 
characteristics depending on for example a varying tempera 
ture of the circuit. Furthermore such a calibration of a control 
signal can be repeated if the determined value cannot be 
stored non-dissipative. That is, if the determined and stored 
value changes its value for example due to leakage in a non 
ideal storage element, then a neW value can be determined and 
set. 

The determination of the offset adjusting/compensating 
control signal can be performed as the control signal to be 
determined ?rst, such that the subsequent determination of 
the gain control values Vtune_min and Vtune_max is not 
in?uenced by an offset voltage. 

In the folloWing a ?rst mode for adjusting the values of the 
control signals Will be described in more detail, Which Will be 
called initial mode subsequently. A time interval for deter 
mining a value of one of the control signals is started by 
setting the auto-Zero and calibration signal AZCAL, Which 
triggers the auto-Zero and gain calibration logic 220, herein 
after named logic block 220, to begin a time interval. That 
block 220 connects via a communication line to a reference 
voltage generator 230, to an auto-Zero and gain calibration 
block 240 and to an analogue MUX and tuning voltage hold 
block 250 and initiates the determination of a control signal 
value in these blocks. 

For determining the offset compensation control signal 
Voffset_comp logic block 220 causes the sWitches 260 to 
open by setting an appropriate signal sWitch_ctrl1. At the 
same time sWitches 270 are closed by an appropriately set 
signal sWitch_ctrl2. In this Way the input signal, ie signals 
Vin_P and Vin_N, are decoupled from VGA 210 and the 
output signal components of VGA 210 are coupled to the 
auto-Zero and gain calibration block 240. That is, the calibra 
tion circuits are coupled to the input and output of VGA 210. 
Logic block 220 then initiates reference voltage generator to 
apply a Zero voltage as Vin_ref to the input of VGA 210. If the 
offset compensation value is determined for the very ?rst 
time, for example after a poWer up, then the gain value of the 
VGA is set to an average value, because the gain control 
signals have not yet been identi?ed. According to the Zero 
voltage at its input VGA 210 outputs its offset voltage only, 
Which is fed into the auto-Zero and gain calibration block 240. 

Depending on the received offset voltage auto-Zero and 
gain calibration block 240 generates a control voltage Vcon 
trol, Which is coupled to an analogue multiplexer and tuning 
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voltage hold circuit 250, hereinafter called MUX and hold 
circuit 250. A reference voltage Vout_target, in this exempli 
fying embodiment a Zero voltage, is provided by the reference 
voltage generator 230 via the coupling as illustrated to the 
auto -Zero and gain calibration circuit 240 as a reference value, 
so that block 240 adjusts its output control voltage Vcontrol 
for controlling the VGA 210 to output the reference voltage. 
That is, if the output signals Vout_P and Vout_N of VGA 210 
do not match the reference signal provided from the reference 
voltage generator, then the auto-Zero and calibration circuit 
240 adjusts its output signal Vcontrol such that VGA 210 in 
turn adjusts its output signal components Vout_P and Vout_N 
respectively. The MUX and hold circuit 250 forWards the 
adjusted signal value ofV control to the corresponding control 
terminal of VGA 210 as indicated in the draWing as signal 
Voffset_comp. VGA 210 accordingly adjusts its output offset 
voltage and thus closes the feedback path to the auto-Zero and 
gain calibration block 240, Which adjusts the control signal to 
fully compensate the offset voltage of VGA 210. 

The purpose of this MUX and hold circuit 250 is to multi 
plex, that is to couple via a sWitch, the received control volt 
age Vcontrol to the appropriate control terminal of VGA 210 
corresponding to the control signal just determined in the 
current time interval. So When determining the offset com 
pensation signal the MUX and hold circuit 250 couples signal 
Vcontrol as received from block 240 to the offset compensa 
tion control terminal of VGA 210. Similarly the MUX and 
hold circuit couples the signal to the Vtune_max or Vtun 
e_min control terminal of VGA 210, in case the control value 
for the maximum or minimum gain respectively has been 
determined. Furthermore the MUX and hold block 250 is 
capable of storing values of control signals for coupling these 
control signals to the corresponding terminals of VGA 210. 
That is once the values of the control signals have been stored 
in the MUX and hold block 250, these are provided perma 
nently to VGA 210. 

The time interval for adjusting a value of a control signal 
terminates When the auto -Zero and calibration signal AZCAL 
is reset and the auto-Zero and gain calibration logic block 220 
correspondingly opens sWitches 270 by resetting signal 
sWitch_ctrl2 to detach the auto-Zero and gain calibration 
block 240 from the output of VGA 210 and the reference 
voltage generator 230 from the input of VGA 210. Also 
sWitches 260 are closed by an appropriately set sWitch_ctrl1 
signal in order to couple the input signal to VGA 210. That is 
at the end of the time interval the input signal is coupled to and 
the blocks of the calibration circuits are decoupled from VGA 
210, except the MUX and hold block 250, Which is to provide 
the determined control signals permanently to VGA 210. 

Subsequent to determining the value for the offset com 
pensation control signal Voffset_comp a value for controlling 
the maximum or minimum gain of VGA 210 may be deter 
mined, Wherein there is no sequence for determining either, as 
they do not affect each other. 

That is, for example, in a folloWing auto-Zero and gain 
calibration phase the control value Vtune_max for controlling 
the maximum gain of VGA 210 is determined, i.e. calibrated, 
Wherein the determination is triggered by the auto-Zero and 
calibration signal AZCAL. Logic block 220 accordingly con 
trols via signals sWitch_ctrl1 and sWitch_ctrl2, Which cause 
sWitches 260 to open and sWitches 270 to close, the decou 
pling of VGA 210 from the input signal components Vin_P 
and Vin_N and its coupling to the auto-Zero and gain calibra 
tion block 240 and the reference voltage generator 230. Ref 
erence voltage generator 230 is initiated to generate a loW 
reference voltage Vin_ref, Which is supplied to the input of 
VGA 210, and to generate a high reference voltage, Which 
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8 
equals the desired output signal level of the VGA at maximum 
gain, and Which is fed to the auto-Zero and gain calibration 
block 240 as target signal level Vout_target. Auto-Zero and 
gain calibration block 240, Which is coupled to the output 
signal of the VGA, is initiated by an appropriate signal 
received from logic block 220 to adjust its output control 
voltage Vcontrol such that the output voltage of the VGA 
matches the target signal level Vout_target, e.g., auto-Zero and 
gain calibration block may raise Vcontrol if the Vout_N or 
Vout_P are beloW the level of Vout_target in order to indicate 
that the gain should be increased. Similarly, the MUX and 
hold block 250 forWards the control voltage to the VGA, 
Wherein in this case the logic block initiates the MUX and 
hold block 250 to couple the control voltage as signal 
Vtune_max to the terminal dedicated for receiving the signal 
adjusting the maximum gain of the VGA. In this Way the 
value for the control signal Vtune_max can be acquired in a 
closed loop, thus enabling an accurate acquisition of control 
signal Vtune_max. Once that signal is acquired it is stored in 
the MUX and hold circuit 250 such that it is provided to VGA 
210 permanently. 

Similar as described for acquiring the control signal for the 
offset compensation the time interval for acquiring a control 
value adjusting the maximum gain of VGA is terminated 
When theAZCAL signal is reset. Logic block 220 accordingly 
resets signals sWitch_ctrl 1 and sWitch_ctrl2 to decouple the 
reference voltage generator block 230 and the auto-Zero and 
gain calibration block 240 from the VGA and couples the 
input signal to the input of VGA. Also as explicated above all 
input terminals of the VGA for receiving control signals are 
permanently coupled to the MUX and hold block 250, hence 
these lines remain unaffected from that switching. 

For acquiring the value of the control signal Vtune_max the 
amplitude of the loW voltage reference signal fed into VGA 
210 must be small enough so as to enable the determination of 
the value of the control signal for maximum gain. HoWever 
the loW level reference signal at the same time must be big in 
comparison With any offset signal in the ampli?er, that is in 
particular in the ?rst ampli?cation of VGA 210, because the 
error Will maximiZe When determining the control value. 
The value of the control signal Vtune_min can be acquired 

analogously as described above for Vtune_max. That is the 
input of VGA 210 is decoupled from the input signal and 
coupled to the reference voltage generator 23 0, and the output 
of VGA 210 is coupled to the auto-Zero and gain calibration 
block 240. Logic block 220 furthermore initiates the refer 
ence voltage generator 230 to apply a high input voltage 
Vin_ref to the input of VGA 210 and further to apply a 
corresponding target voltage Vout_target to the auto-Zero and 
gain calibration block 240. This block 240 then adjusts its 
output signal Vcontrol such that the amplitude of the output 
voltage of VGA 210 matches the applied target voltage Vout_ 
target. MUX and hold block 250 is initiated by logic block 
220 to apply the control voltage Vcontrol as control signal 
Vtune_min to the terminal of VGA 210 dedicated for receiv 
ing the signal adjusting the minimum gain. The determined 
value of control signal Vtune_min is at least then stored in the 
MUX and hold circuit 250 to be supplied to VGA 210 hence 
forth. Altematively any intermediate value of Vtune_min can 
be stored in the MUX and hold block, so that in case of an 
unexpected end of the calibration there is at least a reasonable 
value stored. Again the calibration phase is terminated by an 
appropriately set signal AZCAL, Which causes logic block 
220 to decouple the auto-Zero and calibration block 240 from 
the output of VGA 210, to decouple the reference voltage 
generator 230 from the input of VGA 210 and to couple the 
input signal, i.e. Vin_P and Vin-N, to VGA 210. 
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As in this case the ratio of the reference input voltage 
Vin_ref to the target voltage Vout_target and thus to the output 
voltage of the VGA 210 is high, the error comprised in the 
control signal Vtune_min presumably Will be small. 

In this Way logic block 220, auto-Zero and gain calibration 
block 240, reference voltage generator 230 and the MUX and 
hold block 250 can be used to initially determine the desired 
values of the control signals Voffset_comp, Vtune_max and 
Vtune_min at the beginning of operation, Wherein each of the 
values can be stored in the MUX and hold block 250. 

Once the control signals have been determined the values 
can be reneWed as necessary using the same procedure 
described above, Wherein in one calibration phase one or 
more values of control signals can be determined. 

Alternatively to afore described initial mode method for 
updating the values the folloWing different method is pro 
posed, Which Will be called tracking mode hereinafter. As 
mentioned afore one cause for adjusting a value of a control 
signal may be that the value of the control signal may drift 
aWay from its latest set value, that is the stored value drifts for 
example due to leakage or any other non-ideal property of the 
storage means in the MUX and hold circuit 250. Another 
cause for updating a stored value of a control signal can be a 
drift of a property of the VGA 210, such that the control 
values folloW the drift of the VGA. 

In tracking mode the input of the VGA 210 is decoupled 
from the input, i.e. from its normal operation environment, 
and is coupled to the reference voltage Vin_ref of the refer 
ence voltage generator 230. Furthermore the output of the 
VGA is coupled to the auto-Zero and gain calibration block 
240, Which can be achieved by setting signal AZCAL appro 
priately, so that the logic block 220 sets signals sWitch_ctrl1 
and sWitch_ctrl2 accordingly to open sWitches 260 and to 
close sWitches 270. The value of the output of the VGA may 
be stored on storage means, for example as voltages on 
capacitors comprised in the auto-Zero and gain calibration 
block. As soon as the output of the VGA is stored in the 
auto-Zero and gain calibration block the VGA can be 
decoupled from the reference voltage Vin_ref and can be 
coupled to its normal production environment by closing 
sWitches 260 and opening sWitches 270 correspondingly. In 
this Way the time span in Which VGA 210 is decoupled from 
its normal operation environment is minimized. 

Logic block 220 initiates the reference voltage generator 
230 to apply an input reference voltage Vin_ref to VGA 210, 
Wherein the input reference voltage is that as described above. 
That is, for tracking the offset compensating control voltage 
Voffset_comp a Zero voltage, i.e. no voltage, is applied, a loW 
voltage as Vref_in is applied for tracking the maximum gain 
control signal Vtune_max and a high voltage is applied as 
Vref_in for tracking the minimum gain control signal 
Vtune_min. Furthermore correlating target voltages are 
applied as Vout_target to the auto-Zero and gain calibration 
block 250. According to its applied input voltage VGA 210 
Will output corresponding output voltages Vout_N and 
Vout_P, Which are coupled as input signals to the auto-Zero 
and gain calibration block 240. 

Logic block 220 then initiates the auto-Zero and gain cali 
bration block 240 to compare the applied target voltage Vout_ 
target With the output voltage of VGA 210 and to generate an 
output signal Vcontrol, Wherein the signal Vcontrol indicates 
a binary signal, indicating Whether the output voltage of the 
VGA is higher or loWer than the applied target voltage Vout_ 
target. That is the auto-Zero and gain calibration block 240 
indicates, Whether the corresponding control signal 
Vtune_min, Vtune_max or Voffset_comp must be set higher 
or loWer. The auto-Zero and gain calibration block 240 in this 
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Way operates as a comparator and the MUX and hold circuit 
250 adjusts the value of the corresponding control signal by 
increasing or decreasing its value by an incremental adjust 
ment process. In this procedure the value of the control signal 
to be adjusted is adjusted in any case. So even if the output 
signal of VGA 210 matches the applied target voltage the 
auto-Zero and gain calibration block 240 adjusts the value of 
the corresponding control signal by one incremental process. 
The step siZe can be ?xed or varying, Wherein a varying 

step siZe can be de?ned according to a prede?ned algorithm. 
For example the step siZe can be increased from one update to 
the next, if a predetermined number of previous, consecutive 
adjustment steps have been in the same direction. For 
example if the previous 3 adjustment steps have increased the 
value of the control signal, then the step siZe of an adjustment 
step can be increased. In this Way fast-drifting values may be 
handled by ?exibly increasing the step siZe, such that the 
deviation of a value from its optimum or from its original set 
value does not increase With time. 
The MUX and hold circuit 250 accordingly increases or 

decreases the value of the corresponding control signal by 
increasing or decreasing its stored value by one step. Numer 
ous Ways are knoWn to stepWise in- or decrease a control 
voltage provided to a device. If for example a capacitor is used 
to store a determined value of a control voltage, then a charge 
pump may be triggered to in- or decrease the charge on the 
capacitor to thereby in- or decrease the voltage stored. 
Amending the value of a control signal by one step of 

prede?ned step siZe provides a more controllable and faster 
change of the output signal of VGA 210. That is, if We look at 
the offset voltage in the output signal of the VGA, then the 
offset voltage can only vary in prede?ned limits, even if for an 
optimal compensation the step should have been Wider. In this 
Way a smooth alignment betWeen the output signal and the 
generated reference voltage Vout_target can be achieved. 

For both modes, that is the initial mode for acquiring the 
initial values of the control signals and the tracking mode for 
updating these values, the same auto-Zero and gain calibra 
tion block 240 can be used. When considering the elimination 
of offset voltages of VGA 210 the offset voltages of the 
auto-Zero and gain block 240 can be considered also, as the 
offset voltage of this block may affect the determination of all 
control signals. The offset voltages of the auto-Zero and gain 
calibration block 240 can be compensated With any conven 
tional circuit. So as the time intervals betWeen subsequent 
auto-Zero and/or calibration phases presumably Will last sig 
ni?cantly longer than the auto-Zero and/ or calibration phases 
itself, there is enough time to compensate the offset of block 
240 betWeen these phases. Block 240 itself Will thus have 
almost no or a negligible offset voltage. 

Accordingly before determining control signal Voffset_ 
comp, that is before the next auto -Zero phase for determining 
the control signal for compensating the offset of VGA 210 is 
started, the offset of block 240 can be compensated, Wherein 
the offset compensation is performed for a Zero signal, i.e. no 
voltage. That is, the offset of block 240 is compensated With 
reference to the target voltage in the next auto-Zero and cali 
bration phase. Similarly the offset of block 240 can be com 
pensated With reference to the next auto-Zero or calibration 
phase, Which is With reference to the next target voltage. In the 
auto-Zero or calibration phase the comparison betWeen the 
feedback voltage and the applied target voltage can be per 
formed as a null balance. In this Way block 240 can be offset 
calibrated speci?cally for the signal level in the next auto 
Zero or calibration phase. 
The reference voltage generator 230 generates the refer 

ence voltage Vin_ref coupled to VGA 210 as Well as the 
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desired target voltage Vout_target, Which is expected from the 
VGA 210 during a calibration phase. In case of a calibration 
phase for determining the control signal for maximum gain 
generator 230 generates a loW voltage as Vin_ref and a high 
voltage as Vout_target. The ratio of these voltages can be 
adjusted for example by using a voltage divider, such that the 
ratio of the voltages corresponds to the ratio of the resistances 
in the voltage divider, Which can be manufactured With high 
precision. 

FIG. 3 illustrates an example embodiment of an auto-Zero 
and gain calibration circuit 300, Which corresponds to block 
240. The circuit includes an ampli?er 320, tWo auto-Zero 
capacitors CaZN 360 and CaZP 370 and a set of sWitches 310, 
330 and 340 that are used to perform the offset compensation 
operation of circuit 300. In initial mode ampli?er 320 Works 
in a closed-loop including AC coupling capacitors CaZN 360 
and CaZP 370, the MUX and hold circuit 250 and the VGA 
210. In this loop an analog control signal Vcontrol is gener 
ated to settle the auto-Zero and calibration signals Voffset_ 
comp, Vtune_max and Vtune_min. In initial mode the 
sWitches controlled by signal P1 are open and sWitches con 
trolled by signal P2 are closed. 

In tracking mode the ampli?er 320 Works as a comparator 
to derive a logical output Vcontrol depending on the polarity 
of the error voltage betWeen the output of the VGA and the 
reference target voltage Vout_target. With respect to the func 
tion as comparator tWo modes are possible. In a ?rst mode the 
comparison is performed directly Within the auto-Zero and 
calibration phase, determined by the signal AZCAL. This 
mode shall further on be named direct tracking mode. Alter 
natively, a so called indirect tracking mode can be obtained in 
Which the comparison is performed outside of an auto-Zero 
and gain calibration interval, i.e. When signal AZCAL is not 
set. These modes differ only by the sequence in Which the 
sWitch control signals P1 and P2 are applied to the circuit 300. 

In initial and both tracking modes it is mandatory to mini 
miZe contributions of non-ideal properties of the ampli?er 
320, like an input offset voltage Voffset. In normal operation 
the input terminals of VGA 210 are coupled to the input signal 
to be ampli?ed, namely signal components Vin_P and Vin_N, 
and is decoupled from the auto-Zero and gain calibration 
circuit 300. As mentioned above during this time an offset 
calibration of circuit 3 00 can be performed, Wherein the offset 
compensation is performed using the speci?c target voltage 
of the next auto-Zero or gain calibration phase. 

The method for offset compensation of circuit 300 is dif 
ferent depending on Which mode has to be performed. If an 
initial calibration or a direct tracking mode has to be per 
formed then the differential reference voltage has to be stored 
on the AC coupling capacitors CaZN 360 and CaZP 370 
together With the input offset voltage of ampli?er 320 during 
the offset compensation phase of block 240 circuit 300 that is 
prior to the next auto-Zero and gain calibration phase. In case 
an indirect tracking has to be performed the offset compen 
sation of block 240 using circuit 300 can be performed by 
storing on the AC coupling capacitors both VGA output volt 
ages as Well as the input offset voltage of ampli?er 320 in the 
auto-Zero and gain calibration phase. 

First a detailed description of the offset compensation of 
circuit 300 prior to an initial or a direct tracking mode Will be 
presented. During offset compensation phase P1 of circuit 
300 a sWitch 310 in the negative feedback path around ampli 
?er 320 is closed. The positive input terminal of ampli?er 320 
is coupled to reference voltage Vref_cm by closing sWitch 
330, Which may be coupled to the same sWitch control signal 
as sWitch 310. Accordingly ampli?er 320 Will set the voltage 
at its negative input also to Vref_cm. Furthermore the input 
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terminals of circuit 300 are coupled to the target voltages as 
desired in the next auto-Zero or gain calibration phase of the 
VGA. That is a target voltage Vtarg_p being the positive 
signal of the differential reference input signal is coupled to 
node Vp of circuit 300 by closing sWitch 340. By closing 
sWitch 350 a corresponding negative signal of the differential 
reference input signal is coupled as target voltage Vtarg_n to 
node Vn of circuit 300. The capacitors CaZN 360 and CaZP 
370 are charged to the difference betWeen the common-mode 
voltage Vref_cm and the positive and negative reference input 
signal respectively. Should ampli?er 320 exhibit an offset 
voltage then this offset voltage Will also be present at capaci 
tor CaZN. That is because output voltage Vcontrol Will be 
offset to Vref_cm by the input offset voltage Voffset of ampli 
?er 320. The input differential voltage on the left side of the 
capacitors is determined to match the reference target voltage 
Vout_target While the differential voltage on the right side of 
the capacitors matches the ampli?er offset voltage closely if 
the gain of the ampli?er is high. By choosing a suitable gain 
of ampli?er 320, e.g., >60 dB, it is possible to accurately 
compensate any input offset voltage. The reference voltage 
Vref_cm should be chosen close to the expected offset and 
gain tuning signals Voffset_comp, Vtune_max or Vtune_min 
such that ampli?er 320 does only need to perform a minor 
adjustment of its output level hence keeping the required 
differential voltage at its input terminals negligible. An ampli 
?er With high gain serves best. This is especially true in 
tracking mode as control signal Vcontrol then approaches 
large levels to alloW digital processing by the MUX and hold 
circuit 250. 
The voltage difference Vtarg_n-Vref_cm is stored as 

charge on capacitor CaZP 370 and voltage difference 
Vtarg_p-(Vref_cm-Voffset) is stored as charge on capacitor 
CaZN 360, Wherein the input voltages Vtarg_n and Vtarg_p 
can be chosen arbitrarily, for example corresponding to the 
desired target voltages in the next auto-Zero or calibration 
phase. 

Subsequently, in the next auto-Zero or gain calibration 
phase, sWitches 310, 330, 340 and 350 are opened, such that 
voltages Vtarg_n, Vtarg_p and Vref_cm are decoupled from 
ampli?er 320 and capacitors CaZN 360 and CaZP 370, 
Wherein the charges remain on the capacitors. This also holds 
the offset voltage Voffset of ampli?er 320 on the capacitors. 
By closing sWitches 380 and 390 input signals Vcal_p and 
Vcal_n are coupled to circuit 300, Wherein the sWitches can 
be closed by an appropriate signal P2. As in an auto-Zero and 
calibration phase the input signals of the block 240 and thus 
circuit 300 are coupled to the output signals of VGA 210, the 
input signals Vcal_p and Vcal_n of circuit 300 thus are the 
output signals of VGA 210. 

In case that the voltage Vcal_p-Vcal_n exceeds the stored 
target voltage Vtar_p—Vtarg_n, then ampli?er 320 is driven 
positively and Will generate a negative output voltage Vcon 
trol smaller than Vcm_ref. Vice versa ampli?er 320 Will gen 
erate a positive output voltage exceeding Vcm_ref as Vcon 
trol in case that the voltage difference Vcal_p-Vcal_n is 
beloW the voltage Vtarg_p —Vtarg_n, Which drives the ampli 
?er negatively and Which Will cause a positive value for 
Vcontrol. Whether to apply VGA 210 output signals Vout_P 
and Vout_N directly to Vcal_p or Vcal_n respectively 
depends on hoW the MUX and hold circuit 250 and the VGA 
210 process Vcontrol. To get correct (negative) feedback 
operation an inversion at the inputs of circuit 300 may apply. 
The auto-Zero and gain calibration circuit 300 signals the 
Vcontrol value to the MUX and hold circuit 250, Which Will 
accordingly increase or decrease the values of Voffset_comp 
or Vtune_min or Vtune_max. 
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In this Way each of the control voltages Vtune_min, 
Vtune_max and Voffset_comp can be acquired using the 
same circuit 300 by charging the capacitors in circuit 300 
using the desired target voltage. This procedure may be per 
formed each time a neW value for any of the control voltages 
is to be determined, that is for acquiring the values initially 
and subsequently for tracking drifting values. 
A slight modi?cation of the sequence the sWitches are 

operated on applies to indirect tracking mode. In this case the 
ampli?er offset voltage is stored on capacitors CaZP and 
CaZN during the offset and gain calibration phase, i.e. When 
control signal AZCAL is set, by closing sWitches 310 and 
330. This sets the common-mode voltage at the ampli?er’s 
positive input to Vref_cm and its negative input to Vref_cm 
Voffset, should the ampli?er exhibit and input offset voltage 
Voffset. The input signals Vcal_p and Vcal_n are coupled to 
the VGA 210 output voltages. Thus the differential output 
voltage of the VGA is sampled on the capacitors CaZP and 
CaZN as Well as the offset voltage of ampli?er 320. With the 
end of the gain and offset compensation phase, i.e. When 
signal AZCAL is un-selected and sWitches 310, 330, 380 and 
390 are opened accordingly, the charge is kept on the capaci 
tors and hence the VGA’s differential output voltage as Well 
as the input offset voltage of ampli?er 320. 

Indirect tracking is performed by comparing this informa 
tion to a reference voltage target Vout_target. That is by 
closing sWitches 340 and 350 the voltage at the left side of 
capacitors CaZP and CaZN is forded to the reference voltage 
target. In case the hold differential voltage does not match to 
the reference voltage a differential voltage Will be forced on 
the inputs of ampli?er 320 through AC coupling capacitors 
CaZP and CaZN. The polarity of this signal depends on the 
polarity of the error voltage obtained as difference betWeen 
Vout_target and VGA’s output voltage at the instance When 
signal AZCAL changes to non-selected. Such the output of 
the ampli?er Will rise or fall. 

If suf?cient gain is provided by the ampli?er, e. g., >60 dB, 
and if the AC coupling capacitors CaZP and CaZN are dimen 
sioned large compared to the input capacitance of the ampli 
?er 320, of sWitches 310 and 330 in off-state as Well as the 
parasitic capacitances at the ampli?er input nodes then even 
small error voltages can be processed. As an example the 
capacitors should typically be selected 10 times larger than 
the sum of the parasitic and circuit capacitances at the ampli 
?er input nodes. If furthermore enough time is provided com 
pared to the bandWidth of ampli?er 320 then the output volt 
age Vcontrol can settle to large values even With smallest 
input error voltages. Such ampli?er 320 Works as comparator. 
An easy digital processing of signal Vcontrol is possible. 

Note that With respect to operation as comparator there is a 
signi?cant difference betWeen direct and indirect tracking 
mode. The time required to generate a large output signal 
Vcontrol depends on the bandWidth of ampli?er 320 and the 
input signal to the ampli?er. In case of very small input 
signals and taking into consideration that VGA 210 performs 
a settling of its output voltage When driven by a reference 
voltage there may not be enough time to settle signal Vcontrol 
to a level large enough to perform easy digital processing by 
the MUX and hold circuit 250 at the end of an auto-Zero and 
gain calibration phase. As system operation usually requires 
minimum time for auto-Zero and gain calibration phases it 
might be impossible to perform direct tracking mode. Indirect 
tracking uses the signi?cantly longer time available outside of 
the auto-Zero and gain calibration phases to generate a large 
signal Vcontrol. Digital processing of signal Vcontrol can be 
performed at the beginning of the next auto-Zero and gain 
calibration phase. Comparatively fast incremental update of 
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signals Vtune_min, Vtune_max and Voffset_comp is possible 
and changes of gain or offset voltage Will fall Within the 
settling of VGA output voltage to the calibration target. 

For tracking the drift of a control signal the above expli 
cated direct and indirect tracking mode can be used altema 
tively, Wherein auto-Zero and gain block 240 is operated as a 
comparator, Which outputs a signal initiating a stepWise 
increase or decrease of the corresponding control signal. In 
this case the output signal Vcontrol can be further processed 
by a folloWing digital circuit, Which initiates to stepWise 
increase or decrease a stored signal of Voffset_comp or 
Vtune_max or Vtune_min in the MUX and hold block 250. 

FIG. 4 illustrates one exemplifying embodiment 400 of the 
analogue MUX and tuning voltage hold circuit 250. For sim 
pli?cation circuit 400 includes a hold circuit 410 for a single 
gain control signal as required in a ?xed-gain ampli?er and a 
hold circuit 420 for the auto-Zero control signal. One skilled 
in the art Will see that this circuit can be extended to a MUX 
and hold circuit including sub -blocks for multiple gain tuning 
signals. Besides this an analog MUX 430 for multiplexing the 
control signal Vcontrol to the internal hold nodes Vhold_gain 
and Vhold_aZ and a logic block 440 for control of circuit 
operation during tracking mode are available. 

Circuit 400 includes a multiplexer 430 coupled to the auto 
Zero and gain calibration logic block 220 by a line providing 
control signal State_ctrl as indicated in FIG. 2. According to 
the control signal received from block 220 the multiplexer 
couples one of its output terminals forVtune_gain orVoffset_ 
comp through buffers 411 and 421 to its input Vcontrol to 
forWard the Vcontrol signal to VGA 21 0. Actually buffers 411 
and 421 are operational ampli?ers as illustrated in the ?gure, 
Which have an inde?nite input resistance, thus do not dis 
charge a capacitor, and provide the voltage of the capacitor at 
the output, so that the voltage of a capacitor is buffered. 
Furthermore circuit 400 includes means for storing a value of 
a control voltage. In its simplest embodiment capacitors 412 
and 422 can be used for storing one value of a control value, 
Wherein the voltage, Which corresponds to its charge, repre 
sents the latest value of the control signal. For example in 
order to store a voltage of a control signal a capacitor may be 
charged up to this voltage. The voltage on the capacitor may 
then be buffered and coupled to a corresponding terminal of 
VGA 210 in order to provide the voltage permanently. Alter 
natively the capacitor can be coupled permanently to the 
corresponding output terminal, such that it is charged by the 
applied control signal Vcontrol. 
Due to its non-ideal nature the voltage of the capacitor Will 

drift, for example because of internal leakage currents 
decreasing the charge. Accordingly the charge on a capacitor 
must be refreshed or a neW charge representing a neW value of 
the control signal is to be stored on the capacitor. 

In initial mode the charging of the capacitors is done Within 
a single auto-Zero and gain calibration phase and tuning or 
offset compensation voltages are fully settled. During track 
ing modes, i.e. either in direct or indirect tracking mode, the 
charge on the hold capacitors 412 and 422 is refreshed repeti 
tively. This can e.g., be performed by adding or subtracting an 
incremental amount of charge to the hold capacitors by using 
a charge pump. For example for each hold circuit in FIG. 4 a 
charge pump 413 and 423 respectively can be implemented. 
The amount of charge provided by both charge pumps deter 
mines the voltage incrementing the tuning signals. For 
smooth variation it can be set to a small value determined by 
the amount of drift on the capacitor and the requirements to 
react on differing environmental conditions, like temperature 
changes. 
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Afore described circuits can be used for amplifying an 
input signal, Wherein the input signal can be a differential 
signal or a non-differential signal that is a single-ended sig 
nal. In case a single-ended input signal is to be processed, 
afore described circuits are to be amended as mentioned in 
short above. Substantially one input line is replaced by a 
reference voltage, for example ground potential. 

Various gain tuning and offset compensation signals can be 
generated applying the principles described afore. In this Way 
proper tuning signals and offset compensation signals for a 
variable gain or a ?xed gain ampli?er can be produced. Fur 
thermore, the scope of the invention is not limited to ampli 
?ers. Any circuit requiring exact gain control can be accom 
panied by the mentioned calibration circuits. As another 
example a continuous time ?lter (CTF) can be mentioned. 
The invention is not limited to high-speed circuits but spe 
cially suits the requirements in such a circuit class. 

In afore described circuits the auto-Zero and gain calibra 
tion is controlled by a state signal AZCAL that can be issued 
e.g., by another logic block as often present in a large mixed 
signal circuit. The state signal AZCAL for example can be 
applied through a dedicated signal connector of the circuit, 
Which may be implemented as a dedicated pin of a chip. 
Accordingly only one control line AZCAL is required to stir 
offset and gain calibration. 

Afore described circuit uses an analog approach in the 
implementation of the calibration scheme, i.e. opening signal 
path, applying an input reference voltage to the VGA, sensing 
the VGA output voltage and correcting for deviation of the 
VGA output voltage from a reference target. A digital 
approach can alternatively be implemented in case multiple 
control lines including a clock signal can be generated e. g., by 
a higher level logic block. 

FIG. 5 illustrates an exemplary circuit 500 of a digital 
approach to auto-Zero and gain calibration, Wherein some 
included elements like sWitches 560, 570 are identical to 
those described in the previous embodiments and the refer 
ence voltage generator 530 is controlled by a digital value. 

The control of the calibration circuits is noW triggered by 
one or more state control signals AZCAL_ctrl and a clock 
CLK. That is auto-Zero and gain calibration block 540 pro 
vides a digital signal of for example k bits, Which corresponds 
to the analog signal Vcontrol in FIG. 2, to the analog MUX 
and hold circuit 550. The auto-Zero and gain calibration unit 
540 compares voltages Vout_target and the output voltage of 
the ampli?er 510 and may include a comparator that delivers 
the polarity of the error signal and a logic that controls the 
MUX and hold circuit via a k bit Wide digital interface. The 
MUX and hold circuit 550 may include a set of Digital-to 
Analogue Converters (DACs), one for each tuning or offset 
signal, Which convert the provided signal to a voltage sup 
plied as control signal to ampli?er 510. With these tWo units 
settling the tuning signals can performed during initial mode, 
controlled by logic block 520, e.g., using a successive 
approximation or binary search algorithm. During tracking 
mode an incremental update can be done e. g., by altering the 
DAC value by e.g., an LSB (least signi?cant bit) process or by 
larger processes if applicable. 

AnAnalog-to-Digital Converter (ADC) may also be part of 
the auto-Zero and gain calibration block 540 to convert the 
analogue output voltage of the ampli?er 510 into a digital 
code that can then be compared to a digital target for the 
output voltage. 
As illustrated in FIG. 6 the mentioned ADC may not 

alWays be part of the calibration circuit. It is possible to reuse 
an existing ADC in a signal path including an ampli?er stage 
610 coupled to further analogue processing circuits 680 and 
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an ADC 690. During calibration the ampli?er 610 is discon 
nected from the input lines by sWitches 660 and reference 
circuit 630 is connected to VGA to drive VGA With a refer 
ence voltage. The update of the gain and offset control signals 
is noW based on the digital output of the ADC, Which is in 
reference to provided reference voltages of the ADC. These 
can be derived by the reference circuit 630. In this embodi 
ment an auto-Zero and gain calibration logic block provides a 
signal State_ctrl to reference voltage generator 630, the MUX 
and tuning voltage hold circuit 650 and auto-Zero and gain 
calibration circuit 640, Wherein the State_ctrl signal may be a 
digital signal. Reference voltage generator 630 accordingly 
generates voltage Vin_ref coupled to the input of the ampli 
?er, but does not provide a target signal to auto-Zero and gain 
calibration block 640. As signal State_ctrl includes informa 
tion about the desired target voltage, i.e. the desired output 
voltage of the ampli?er, the auto-Zero and gain calibration 
block extracts this information from State_ctrl and compares 
this to the output signal of ADC 690 for determining a control 
signal provided to the MUX and tuning voltage hold circuit 
650. Compensation of offset and gain is such extended 
beyond a single ampli?er to the level of a full signal-path (or 
a part of a signal-path) and may include additional analog 
blocks, e.g ?lters as Well as the ADC. 

The digital approach bene?ts an in?nite hold capability. No 
drift Will occur on the outputs of the DACs used to provide the 
tuning signals. Nevertheless repetitive update is required to 
obtain drift control of the VGA parameters. On the other hand 
a more sophisticated control scheme to synchroniZe clocks 
and state control signals has to be provided by a circuit exter 
nal to the auto-Zero and gain calibration unit. 

Generally the circuits can be used in any circuit, in Which 
a signal is to be ampli?ed. For example the circuit can be used 
in an application to read/Write data to/from a hard disk drive 
in a computer, Wherein signal speeds of up to 3 GHZ have 
been processed While at the same time the signals Where 
ampli?ed accurately. As in these or similar applications the 
stream of signals may stop, for example When the read/Write 
head is positioned mechanically on the disks of the hard drive, 
an auto-Zero or calibration phase can be performed in these 
breaks, such that there is no need to stop the processing of 
signals exclusively for offset compensation and gain calibra 
tion. 

Although speci?c embodiments have been illustrated and 
described herein, it Will be appreciated by those of ordinary 
skill in the art that a variety of alternate and/or equivalent 
implementations may be substituted for the speci?c embodi 
ments shoWn and described Without departing from the scope 
of the present invention. This application is intended to cover 
any adaptations or variations of the speci?c embodiments 
discussed herein. Therefore, it is intended that this invention 
be limited only by the claims and the equivalents thereof. 
What is claimed is: 
1. An integrated circuit comprising: 
an ampli?er con?gured to amplify an input signal; 
a calibration circuit; and 
a tuning voltage hold circuit coupled to the calibration 

circuit and to the ampli?er, Wherein the ampli?er com 
prises a plurality of control terminals for receiving a 
plurality of control signals from the tuning voltage hold 
circuit to control at least one of an offset voltage or the 
maximum gain or minimum gain of the ampli?er, 
Wherein the tuning voltage hold circuit comprises a stor 
age device for each of the plurality of control signals and 
Wherein the tuning voltage hold circuit is coupled via a 
multiplexer to the calibration circuit for coupling control 
signals to the storage devices. 
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2. The integrated circuit of claim 1, Wherein the tuning 
voltage hold circuit comprises an operational ampli?er or 
buffer coupled to a capacitor to provide a control signal to the 
ampli?er Without loss. 

3. An integrated circuit comprising: 
a ?xed or variable gain ampli?er for amplifying an input 

signal; 
a calibration circuit connectable to the output of the ampli 

?er and providing an output signal indicating the ratio of 
a ?rst input signal and the output signal of the ampli?er; 

a reference signal generator providing a target signal as the 
?rst input signal to the calibration circuit and connect 
able to the ampli?er to provide a reference input signal to 
the input of the ampli?er; and 

a tuning voltage hold circuit coupled to the output of the 
calibration circuit and to the ampli?er to permanently 
provide a control signal controlling at least one of an 
offset voltage or the maximum gain or minimum gain of 
the ampli?er, Wherein the tuning voltage hold circuit 
comprise at least one storage device for storing the con 
trol signal and the at least one storage device is a capaci 
tor, Wherein the ampli?er comprises a plurality of con 
trol terminals for receiving a plurality of control signals 
and Wherein the tuning voltage hold circuit comprises a 
storage device for each of the control signals and 
Wherein the tuning voltage hold circuit is coupled via a 
multiplexer to the calibration circuit for coupling control 
signals to the storage devices. 

4. The integrated circuit of claim 3, Wherein the tuning 
voltage hold circuit comprises an operational ampli?er or 
buffer coupled to the capacitor to provide a control signal to 
the ampli?er Without loss. 

5. The integrated circuit of claim 3, Wherein the tuning 
voltage hold circuit comprises a charge pump for increasing 
or decreasing the voltage on the capacitor according to a 
control signal of the calibration circuit. 

6. The integrated circuit of claim 5, Wherein the calibration 
circuit is a comparator providing a signal to the tuning voltage 
hold circuit indicating to increase or decrease one of the 
control signals and Wherein the tuning voltage hold circuit 
increases or decreases the voltage of the capacitor by a small 
amount. 

7. The integrated circuit of claim 3, comprising a logic 
circuit controlling sWitches for decoupling the input signal 
from the ampli?er and coupling the reference input signal to 
the ampli?er and for coupling the output of the ampli?er to 
the calibration circuit, the logic circuit furthermore coupled to 
the reference signal generator and to the tuning voltage hold 
circuit and to the calibration circuit for providing the control 
signal. 

8. The integrated circuit of claim 3, Wherein the calibration 
circuit comprises at least one storage device for storing an 
output value of the ampli?er. 

9. The integrated circuit of claim 8, Wherein the at least one 
storage device for storing an output value of the ampli?er is a 
calibration circuit capacitor. 

10. The integrated circuit of claim 9, Wherein the calibra 
tion circuit capacitor can also be used for compensation of 
offset voltages present in the calibration circuit. 

11. An integrated circuit comprising: 
a ?xed or variable gain ampli?er for amplifying an input 

signal; 
a calibration circuit connectable to the output of t e ampli 

?er and providing an output signal indicating the ratio of 
a ?rst input signal and the output signal of the ampli?er; 

a reference signal generator providing a target signal as the 
?rst input signal to the calibration circuit and connect 
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able to the ampli?er to provide a reference input signal to 
the input of the ampli?er; and 

a tuning voltage hold circuit coupled to the output of the 
calibration circuit and to the ampli?er to permanently 
provide a control signal controlling at least one of an 
offset voltage or the maximum gain or minimum gain of 
the ampli?er, Wherein the calibration circuit comprises 
at least one analog-to-digital converter or at least one 
comparator and a logic for providing a digital signal to 
the tuning voltage hold circuit, and Wherein the tuning 
voltage hold circuit comprises at least one digital-to 
analog converter to convert the provided digital signal to 
an analog control signal provided to the ampli?er. 

12. A method for operating an integrated circuit including 
calibrating a ?xed or variable gain ampli?er comprising: 

providing a reference input signal to the input of the ampli 
?er; 

coupling the output signal of the ampli?er to an auto-Zero 
and gain calibration circuit as a ?rst input signal; 

providing a target signal to the auto-Zero and gain calibra 
tion circuit as second input signal, the auto-Zero and gain 
calibration circuit outputting a control signal indicating 
the difference betWeen its input signals; and 

providing the control signal to the ampli?er to adjust the 
output of the ampli?er to match the reference target 
signal, Wherein the reference input signal is de?ned as 
either 
a loW voltage signal and the target signal is a high volt 

age signal to determine a control signal for adjusting 
the maximum gain of the ampli?er, or 

a high voltage signal and the target signal is a loW volt 
age signal to determine a control signal for adjusting 
the minimum gain of the ampli?er, or 

Wherein the reference input signal and the target signal 
are equal in a differential manner to determine a con 

trol signal for adjusting the offset compensation of the 
ampli?er. 

13. The method of claim 12, further comprising storing the 
determined control signal in a storage device for being pro 
vided permanently to the ampli?er. 

14. The method of claim 12, comprising digitiZing the 
output signal of the ampli?er before being coupled to the 
auto-Zero and gain calibration circuit and Wherein the target 
signal is provided as a digital signal to the auto-Zero and gain 
calibration circuit. 

15. The method of claim 12, comprising coupling the con 
trol signal as output from the calibration circuit to a tuning 
voltage hold circuit for storing and permanently providing the 
signal to the ampli?er. 

16. The method of claim 15, comprising Wherein the con 
trol signal as output from the calibration circuit is a digital 
signal and Wherein the signal is converted to an analog signal 
in the tuning voltage hold circuit. 

17. The method of claim 15, comprising triggering the 
auto-Zero and gain control phase by a single digital control 
signal. 

18. The method of claim 12, further comprising decoupling 
the ampli?er from a production environment, and coupling 
the ampli?er to its production environment, Wherein the out 
put of the ampli?er is stored in the auto-Zero and gain cali 
bration circuit. 

19. A method for calibrating a ?xed or variable gain ampli 
?er comprising: 

providing a reference input signal to the input of the ampli 

coupling the output signal of the ampli?er to a comparator 
circuit as a ?rst input signal; 
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providing a target signal to the comparator circuit as a 
second input signal; 

increasing or decreasing a control signal provided to 
ampli?er VGA corresponding to the output of the com 
parator circuit by one adjustment step of small step siZe; 
and 

increasing or decreasing the step siZe of an adjustment step 
if a prede?ned number of previous, consecutive adjust 
ment steps have increased or decreased the value of the 
control signal. 

20. The method of claim 19, comprising storing the control 
signal in a storage device for being provided permanently to 
the ampli?er. 
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21. The method of claim 19, comprising triggering an 

auto-Zero and gain control phase by a single digital control 
signal. 

22. The method of claim 19, further comprising: 

decoupling the ampli?er from a production environment; 
and 

coupling the ampli?er to its production environment, 
Wherein the output signal of the ampli?er is stored in the 
comparator circuit. 


